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(54) OPTICAL FUNCTION ELEMENT AND OPTICAL COUPLING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
function element and an optical coupling method 
suitable to be made into a module while residual 
reflection is suppressed. 

SOLUTION: At an input/output part 100 applied to 
the optical function element, the terminal surface 
16 of an optical waveguide 12 (refractive index n1) 
is formed on a slanting surface 106 set back from 
the element end surface 102 and its normal Ba has 
a tilt angle 6 1 to the waveguide direction Aa of 
light at a waveguide end part 14. Further, the angle 
that the normal Ba has to the normal Ca of the 
element end surface 102 is represented as (TT-Of), 
where a '\s the tilt angle the slanting surface 106 
has to the element end surface 102. The 
input/output part 100 meets j8 = af-cos-1(n2/n1sina) (n2: refractive index of area 104) 
so that an output light signal S2 is outputted along the normal Ca. When the optical 
function element and an external element are optically coupled at the input/output part 
100, for example, a filling material may be provided between the terminal surface 16 and 
a light receiving surface of the external element. 




A- 

4- 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 



1 

BEST AVAILABLE COPY 



rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 



2 



All-167035 
* NOTICES * 

'JPO and NCIPI are not responsible for any damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the crevice fix>m which it is the optoelectronic device which performs I/O of the exterior of said component, 
and light through the optical waveguide formed in the interior of a component, and withdrew to the end face of 
the ^aforementioned component The I/O end face of said optical waveguide is formed, and the orbital tangent in said 
I/O end face of the; aforementioned optical waveguide accompUshes the 1st incUnation to the normal of said I/O end 
face (however, the 1st incUnation is not 0.). I the optoelectronic device characterized by things. 

[Claim 2] The normal of said I/O end face is an optoelectronic device according to claim 1 characterized by what the 
2nd inclination is accomphshed for to the normal of said component end face (however, the 2nd incUnation is not 0.). 
[Claim 3] Said the 1st incUnation and said 2nd incUnation are an optoelectronic device according to claim 2 
characterized by being adjusted so that the output Ught from said I/O end face may be outputted in the direction of a 
normal of said component end face. 

[Claim 4] The optical coupUng approach of an optoelectronic device according to claim 1, 2, or 3 characterized by an 
ingredient with a larger refractive index than 1 intervening between the input screen-ed of an external component 
into which the output Ught 6t)m said I/O end face is inputted, and said I/O end face. 

[Claim 5] Said ingredient is the optical coupUng approach according to claim 4 that 4 times of the product of the 
refractive index of said ingredient and the die length of the optical path of the transmitted Ught in said ingredient are 
characterized by being equal to the wavelength of said transmitted Ught. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical coupUng approach of an optoelectronic device, the optical 
coupUng approach and the optoelectronic device which output and input Ught through optical waveguide in more 
detail, and its optoelectronic device. 
[0002] 

[Description of the Prior Art] In order to reaUze broadband izing and the high increase in power of an 
optical-communication device, and low noise-ization conventionaUy, the approach (the "residual reflective oppressing 
method" is called below.) of oppressing residual rieflection of the output light produced in the optical waveguide end 
face of an optoelectronic device is developed. 

[0003] Under this situation, the effect of residual reflection is large, for example, it can be said that an optical 
modulator, an optical amplifier, an optical switch, a Ught wave length filter, a Ught wave length transducer, or LED 
(end-face luminescence LED) is the most indispensable technique also in the residual reflective oppressing method 
since a Ught corpuscle child's method of residual reflective oppressing usually formed as a device of a single passage 
mold is especiaUy effective for the improvement in the engine performance of an optical-communication device. 
[0004] as the conventional residual reflective oppressing method " for example, "the present condition of a 
semiconductor laser optical ampUfier", opto-electronics contact, volume [ 28th ] No. 4, and (copy volume 316 No.) 
pp.53- three approaches are indicated by 58 and 1990. 

[0005] The approach currently indicated in the above-mentioned reference by more specifically forming the 
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approach'nonreflective £Qm (antireflection film) of (a) in a component end face The approach of not reflecting output 
light by the light corpuscle child end face, the approach of (b) • by forming an end-face aperture between a component 
end face and optical waveguide the approach of preventing the reflected Ught in a light corpuscle child end face 
returning to optical waveguide again by forming optical waveguide in the shape of a slanting stripe to the approach 
and the approach -component end face of (c) which reduce the joint effectiveness of the reflected Ught which returns in 
the direction of optical waveguide - it comes out. 

[0006] Here, the example of the waveguide mold light corpuscle child who applied this conventional residual 
reflective oppressing method is briefly explained with reference to drawing 20 . In addition, drawing 20 is a top view 
for explaining the rough configuration of the waveguide mold Ught corpuscle child 300 who mainly applied the 
approach of (c). 

[0007] The waveguide mold Ught corpuscle child 300 arranges the optical waveguide 304 leaned several times to the 
direction of a normal of the cleavage plane 302 which hits a component end face in the shape of a slanting stripe, and 
has composition which carries out direct continuation to a cleavage plane 302. By this configuration, even if the Ught 
by which the guided wave was carried out by optical waveguide 304 reflects by the cleavage plane 302, the reflected 
Ught cannot return in the optical waveguide 304 direction, but can oppress residual reflection. In addition, at the time 
of actuation of the waveguide mold Ught corpuscle child 300, the Ught outputted fix)m a cleavage plane 302 is inputted 
into a non-Ulustrated external component through the lens 308 fixed to the lens holder 306. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in this conventional waveguide mold Ught corpuscle child 300, 
the Ught outputted fix)m optical waveguide 304 is refi-acted in a cleavage plane 302. Therefore, the angle (a "light 
emission elevation" is caUed hereafter.) which the normal of a cleavage plane 302 and the optical-path shaft of the 
Ught outputted into air fi-om a cleavage plane 302 constitute becomes larger than the angle (an "optical waveguide tilt 
angle" is caUed hereafter.) which the shaft of optical waveguide 304 and the direction of a normal of a cleavage plane 
302 constitute. For example, in the above-mentioned reference, although the optical waveguide tilt angle is set as 
about 7 times, the Ught emission elevation turns also to about 23 degrees. 

[0009] If a Ught emission elevation changes greatly, when a diameter tends to condense Ught using an about several 
mm smaU lens firom hundreds of micrometers and it is going to lead to the semi-conductor optical waveguide end face 
of an external component, the lens itself and the fixed holder of a lens colUde with the carrier carrying the 
semiconductor chip or chip of a semiconductor device of a waveguide mold light corpuscle child which outputs Ught. 
Therefore, the modularization was difl&cult for the conventional waveguide mold Ught corpuscle child. 
[00 10] Moreover, in order to realize a modularization, generaUy the method of using a point baU fiber is adopted 
instead of using a lens. However, the focal distance of a point baU fiber is very as smaU as about several micrometers, 
must make a point baU fiber and semi-conductor optical waveguide have to approach very much, and must be 
arranged, and contact to a point baU fiber and a semi-conductor optical waveguide end face tends to produce it during 
optical alignment. Therefore, since a possibiUty of damaging both points is very high, it is not so desirable to use a 
point ball fiber. 

[00 11] That is, when the modularization of the conventional waveguide mold Ught corpuscle child was carried out, 
reduction of the cost of the Ught corpuscle child module using a waveguide mold Ught corpuscle child or an optical 
integrated circuit was made difficult, without the faU of the yield being unavoidable. 

[0012] This invention is made in view of the above-mentioned trouble which the conventional waveguide mold Ught 
corpuscle child has, and it aims at the thing suitable for a modularization for which new and the improved 
optoelectronic device are offered while it reduces residual reflection. 

[0013] Furthermore, other purposes of this invention are things which can carry out without damaging the I/O end 
face of the optical waveguide of an optoelectronic device and for which new and the improved optical coupUng 
approach are offered, aiming at reduction of residual reflection. 
[0014] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention according to 
claim 1 In the crevice fi'om which it is the configuration of performing I/O of the exterior of a component, and Ught 
through the optical waveguide formed in the interior of a component, and withdrew to the end face of ^component The 
I/O end face of optical waveguide is formed and the orbital tangent in the I/O end fiace oC optical waveguide 
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accomplishes the 1st inclination to the normal of an I/O end face (however, the 1st inclination is not 0.). A 
•configuration is adopted. . 

[0015] Since invention according to claim 1 can make the optical waveguide itself slanting stripe-like structure to the 
•I/O end face of optical waveguide by this configuration, the reflected Ught (residual reflected Ught) produced in an I/O 
end face at the time of the output of the Ught fi-om optical waveguide does not return in the direction of optical 
waveguide. Therefore, the effect of residual reflection can be reduced and a broadband, high power, and the highly 
efficient optoelectronic device of a low noise can be realized. Furthermore, since invention according to claim 1 is 
formed in the crevice fix)m which the I/O end fiace withdrew to the component end face, even if it is a case which needs 
detailed optical alignment, it does not almost have possibihty that an I/O end face will contact an external component. 
Since it can foUow, for example, can be made to be able to stick with an external component and optical coupling can 
be carried out, handling is easy, there is little damage on optical waveguide, and the optoelectronic device which can 
be integrated fiirther highly can be realized. 

[0016] Furthermore, if the normal of an I/O end face is formed like invention according to claim 2 so that the 2nd 
incUnation may be accomplished to the normal of a component end face, the input light firom the outside will be 
reflected in the input direction and another direction in an I/O end face. Therefore, not only the interferential action 
by the reflected light of the output light firom an I/O end face but the interferential action by the reflected light of the 
input light to an I/O end face can be reduced. Moreover, in invention according to claim 2, since output light can be 
outputted towards desired by setup of the 2nd inclination, even if it is the case where optical alignment is carried out 
to an external component by what kind of arrangement relation, the optoelectronic device corresponding to it is 
realizable. 

[0017] Like invention according to claim 3, the 1st inclination and 2nd inclination are adjusted, and when it 
constitutes so that output light may be outputted in the direction of a normal of a component end face, a lens, a lens 
holder, etc. which condense light can be arranged in parallel to the end face of a component further again for the end 
face of an external component, or an external component. Therefore, since it is not necessary to a component end face 
to lean Hght-receiving sides, such as an external component, a lens, and a lens holder, optical alignment, a 
modularization, etc. become easy. 

[0018] Like invention according to claim 4, if the configuration between which it is placed by the ingredient with a 
larger refiractive index than 1 is adopted between the input screen-ed of an external component into which the output 
Ught fi:om an I/O end face is inputted, and an I/O end face, optical coupling nature improves further by work of a filler, 
and since a filler absorbs an impact, optical coupUng strong against an impact, vibration, etc. can be reaUzed further 
farther again then. Like invention according to claim 5, if 4 times of the product of the refi-active index of an 
ingredient and the die length of the optical path of the transmitted Ught in an ingredient adopt a configuration equal 
to the wavelength of the transmitted Ught, the same effectiveness as the case where it gives can be acquired fiirther 
again, without performing nonreflective coating to the I/O end fiace of an optoelectronic device. 
[0019] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained at a detail, referring to an 
accompanying drawing. In addition, in the foUowing explanation and a drawing, dupUcation explanation is omitted 
by ****** which attaches the same sign about the component which has the function and configuration of 

abbreviation identitas. 

[0020] (Gestalt of the 1st operation) The 1st operation gestalt of this invention is first explained to a detail, referring 
to drawing 1 ■ drawing 6 . The fundamental configuration of the I/O section 100 concerning the gestalt of this 
operation is explained to the beginning with reference to drawing 1 and drawing 2 at a detail. In addition, drawing 1 
is the top view showing the rough configuration of the I/O section 100 concerning the gestalt of this operation, and 
drawing 2 is the perspective view showing the rough configuration of the I/O section 100. 

[0021] In the I/O section 100, as shown in drawing 1 , the waveguide edge 14 of optical waveguide 12 is formed so that 
the direction Aa of a guided wave of light may incline to the component end &ce 102 and may have beta. Furthermore, 
in the I/O section 100, it cuts and the crevice field 104 where the slant face 106 was formed in the obUque side part is 
formed for the part shown with an abbreviation right triangle in drawing 1 which is a top view by lacking. The slant 
face 106 of this crevice field 104 has the incUnation alpha which gives the 2nd inclination to the component end face 
102 while the termination side 16 of optical waveguide 12 is formed. As a result, the direction Aa of a guided wave of 
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the light of the waveguide edge 14 and the normal Ba of the termination side 16 of the optical waveguide 12 formed in 
k slant face 106 can form the angle theta 1 which hits the 1st inchnation. 

[0022] Moreover, it is better to suppress the reflective loss of the lightwave signal in the termination side 16 as much 
HS possible, since the termination side 16 of optical waveguide 12 is equivalent to the I/O end face of hght. For this 
reason, coating of the nonreflective film AR is carried out to the slant face 106 in which the termination side 16 was 
formed. In addition, it sets in the I/O section 100 and Inclination alpha and Inchnation beta are beta=alpha-cos 
mostly. • 1 (n2/nlsinalpha) 

The waveguide edge 14 and a slant face 106 are formed so that ****** may be filled. In addition, nl is the refiractive 
index of optical waveguide 12 among a formula, and n2 is the refi'active index of the crevice field 104. However, in the 
gestalt of this opera tion^ since the crevice field 104 is constituted as space by notching, n2 is the refractive index of air. 
[0023] Subsequently, if actuation of the I/O section 100 concerning the gestalt of this operation is succeedingly 
explainied with reference to drawing 1 and drawing 2 , the Ughtwave signal Si by which the guided wave was earned 
out will be spread to the termination side 16 through the waveguide edge 14 by optical waveguide 12. 
[0024] The nonreflective film AR is refi^acted in the termination side 16 by which coating was carried out (about this 
refiraction, it mentions later.), and the Hghtwave signal Si spread to the termination side 16 is outputted as an output 
Hghtwave signal S2 fix)m the termination side 16 fiirther again. Furthermore, the output lightwave signal S2 is 
outputted from the I/O section 100 through the crevice field 104 and the component end face 102. 
[0025] Here, when outputted to the crevice field 104 from the termination side 16, the refraction produced when the 
refiractive index nl of optical waveguide 12 differs fi'om the refi'active index n2 of the crevice field 104 is explained. 
[0026] According to an artificer's etc. knowledge, in this refi-action, the relation of nlsinthetal=n2sintheta2 is 
reahzed with a Snell's law (law of refi-action) between the angle theta 1 which the normal Ba of the termination side 
16 and the direction Aa of a guided wave of the hght of the waveguide edge 14 constitute, and the angle theta 2 which 
the output lightwave signal S2 firom the termination side 16 over the normal Ba of the termination side 16 constitutes. 
[0027] Moreover, when the output hghtwave signal S2 is perpendicularly outputted firom the termination side 16 to 
the direction 104 of normal calcium of the component end face 104, i.e., a component end face, it is thetal=pi/2 
geometrically. - (alpha-beta) 

It turns out that there is relation of theta2= pi-alpha. 

[0028] Therefore, when this output lightwave signal S2 is outputted in the direction of normal calcium of the 

component end face 102, it is nlsin(pi / 2* (alpha-beta)) =n2sin (pi-alpha). 

It will be beta=alpha-cos if it ****** and puts in another way. • 1 (n2/nlsinalpha) 

****** is reahzed. 

[0029] This relation is equal to the relation of Inchnation alpha and Inclination beta in the I/O section 100. Therefore, 
it turns out that the output lightwave signal S2 firom the I/O section 100 is perpendicularly outputted from the 
termination side 16 to the component end face 104. 

[0030] Next, the setups of the inclination alpha required in order to carry out actuation which the I/O section 100 
explained above, and Inchnation beta are explained with reference to drawing 2 . In addition, the relation between 
the inclination alpha in case the ratios (a "refiractive-index ratio" is called hereafter.) nl/n2 of the refi'active index nl 
of optical waveguide 12 and the refiractive index n2 of the crevice field 104 are in the range of 1.5*3.5, and Inchnation 
beta is shown in drawing 3 . 

[0031] According to an artificer's etc. knowledge, the configuration medium of the crevice field 104 is air, and when 
the configuration medium of optical waveguide 12 is a semi-conductor, the refi-active-index ratios nl/n2 are 3.0-3.5. 
Therefore, when the I/O section 100 is designed and the angle of the normal calcium of the component end face 104 
and the direction Aa of a guided wave of the hght in the waveguide edge 14 to accomphsh is set as about 7 times 
(Inchnation beta is about 83 degrees in this case.), Inchnation alpha wiU be set as alpha - 170 degrees (it is pi-alpha 
■ 10 degree in this case.). 

[0032] Moreover, when according to an artificer's etc. knowledge the configuration medium of the crevice field 104 is 
air and the configuration media of optical waveguide 12 are dielectrics using glass etc., such as a PLC component and 
a fiber, the refractive-index ratios nl/n2 are 1.5'2.0. Therefore, when the I/O section 100 is designed and Inchnation 
beta is designed at about 7 times. Inclination alpha wiU be set as alpha= 166 * 160 degrees (it is pi alpha =14-20 
degree in this case.). 
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[0033] Next, the approach of the optical coupling between the I/O section 100 concerning the gestalt of this operation 
knd the external components 202, such as an optical fiber or a PLC component, is explained, referring to drawing 4 . 
[0034] As shown in drawing 4 , the external component 202 is constituted by the condition that the GURADDO 
section 206 formed in the perimeter of the core section 204 and the core section 204 is unreserved to the exterior of 
the external component 202 at a cleavage plane 208. ** it does not make a clearance for the cleavage plane 208 of this 
external component 202 at all to the component end face 102 of the I/O section 100, make whether it is merely smaU, 
it makes a clearance counter, and optical coupHng is performed. In addition, the physical relationship of the 
component end face 102 and the end face 210 of the external component 202 is adjusted so that the output Ughtwave 
signal S2 fi:om the termination side 16 may input into the core section 204 of the external component 202. 
[0035] By optical waveguide 12, the Ughtwave signal Si by which the guided wave was carried out is outputted in the 
direction of normal calcium of the component end face 102 fi-om the termination side 16 by this configuration, and 
incidence is carried out to the core section 204 of the external component 202 through the crevice field 104. Moreover, 
when optical coupUng of the I/O section 100 and the external component 202 is carried out to this appearance, 
according to the angle of divergence of the output Ughtwave signal S2 fi:-om the termination side 16, the material used 
for the approach of end-face coating or end-face coating may be appropriately set to the component end face 102. 
[0036] In addition, the appUcation of the I/O section 100 concerning the gestalt of this operation is not limited to 
optical coupling with the external components 202, such as an optical fiber or a PLC component. For example, as 
shown in drawing 5 and drawing 6 , optical coupUng section 200a and optical coupUng section 200b can also be 
constituted using component 202a and component 202b which have the I/O section 100 and the edge of this structure 
instead of [ the external components 202, such as an optical fiber and a PLC component, ] In addition, the gestalt of 
operation shown in drawing 5 shows the example which made it possible to be allotted at an include angle which the 
slant face 106 of the I/O section 100 and I/O end-face 206of component 202a a intersect, and to aUot the direction of 
the waveguide 12 of the I/O section 100, and the direction of the waveguide 204 of component 202b in the 
abbreviation same direction. On the other hand, the gestalt of operation shown in drawing 6 shows the example 
which made it possible to allot the slant face 106 of the I/O section 100, and I/O end -face 206of component 202b b at 
an angle of abbreviation parallel, and to aUot so that the direction of the waveguide 12 of the I/O section 100 may 
differ fi-om the direction of waveguide 204b of component 206b. 

[0037] Next, the effectiveness of the I/O section 100 concerning the gestalt of this operation is explained with 
reference to drawing 4 , drawing 7 , and drawing 8 . as shown in drawing 7 , in the I/O section 100, the termination 
side 16 accompUshes a perpendicular to optical waveguide 12 - as it is not arranged. Therefore, according to the 
gestalt of this operation, when outputting the output Ughtwave signal S2 from the I/O section 100, the light ("internal 
end-fece reflective return Ught" is caUed hereafter.) Pi which reflects in respect of [ 16 ] termination and returns to the 
optical waveguide 12 interior can be reduced sharply. The cross protection which originated in the internal end-face 
reflective return Ught Pi which is residual reflection as a result can be reduced. 

[0038] furthermore, as show in drawing 7 , when a Ughtwave signal Si be perpendicularly input into the I/O section 
100 fi:om the lens L fixed by the lens holder H to the component end face 102, the reflected Ught ("external end face 
reflective return Ught" be call hereaflier.) Po produce by residual reflection in the termination side 16 return to a path 
different fi:om a Ughtwave signal Si. External end-face reflective return Ught has a path different also fi-om the 
output Ughtwave signal S2 from termination side 16a fiirther again. As a result, the cross protection resulting firom 
the external end-face reflective return Ught Po can be reduced sharply. 

[0039] Furthermore, in the I/O section 100, as shown in drawing 8 , if the component end face 102 and Lens L are 
arranged in paraUel, the shaft; of Lens L is set as the shaft of the output Ughtwave signal S2 at paraUel, namely, 
incidence of the output Ughtwave signal S2 can be carried out at right angles to Lens L. Also when it foUows, for 
example, a diameter condenses the output Ughtwave signal S2 using the lens L with a magnitude of several mm firom 
hundreds of micrometers, it is possible to hold sufficient spacing easily between Lens L, a lens holder H, and the 
component end face 102. The optoelectronic device which appUed the I/O section 100 which starts the gestalt of this 
operation as a result can suppress the possibiUty of breakage by contact of components low in the case of optical 
alignment. 

[0040] The ease of this optical alignment is advantageous fiirther again, also when integrating in the shape of an 
array and forming the I/O section 100. That is, in order for what is necessary to be just to arrange the end face of the 
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external component which carries out optical coupling to the component end face 102 in parallel with the component 
-end face 102, it is not necessary to make processing special to an external component, for example, the input section, 
*incUne. Therefore, even if it integrates the I/O section 100 in the shape of an array on an optical integrated circuit, 
optical coupUng nature with an external component is highly maintainable. 

[0041] Also when leading light to the I/O section 100 from the exterior, the same effectiveness can be expected further 
again. That is, both reduction of residual reflection and reservation of the ease of optical coupling are maintainable. 
[0042] Since the termination side 16 has withdrawn into the interior of the I/O section 100 to the component end face 
102, possibility that an optical waveguide end fece wiU contact other direct matter in the cases, such as a coating 
process of the optical waveguide end face after chip cleavage produced conventionally and another erectors degree, 
decreases further again. Therefore, the cheap high waveguide mold Ught corpuscle child of the yield is realizable. 
[0043] In carrying out optical coupling to the external component 202 in the I/O section 100 further again when the 
termination side 16 has structure which withdrew to the component end face 102 as shown in drawing 4 , the 
component end face 102 of the I/O section 100 and the cleavage plane 208 of the external component 202 are stuck, 
and it can carry out optical coupUng. The stray light generated in the I/O end face of a noise or optical waveguide 
which can reduce the multiple echo in the optical coupling section, for example, is generated in the propagation 
process of Ught as a result can be reduced. 

[0044] Even if it is the case where the I/O section 100 and the external component 202 are not stuck, optical 
alignment can be performed further again, without taking into consideration damage on the termination side 16. 
Therefore, the distance between the component end face 102 which performs optical coupling, and the cleavage plane 
208 of the external component 202 can be kept constant with a sufiBcient precision, and a light corpuscle child module 
with a uniform property can be manufactured. 

[0045] (Gestalt of the 2nd operation) The waveguide mold light corpuscle child 10 concerning the gestalt of this 
operation has structure which allotted the 1st and 2nd I/O sections 100a and 100b through optical waveguide 12, as 
shown in drawing 9 and drawing 10 . In addition, since the 1st and 2nd I/O sections 100a and 100b have the I/O 
section 100 and abbreviation same structure concerning the gestalt of the 1st operation where it already explained, 
about the configuration and the operation effectiveness, they omit detail explanation and are made to explain only 
the characteristic part below. That is, the waveguide mold light corpuscle child 10 concerning the gestalt of this 
operation becomes the single transparency structure which performed coating of the nonreflective film AR to the 
both ends side (termination side 16a and termination side 16b) of the optical waveguide 120 which is equivalent to 
the I/O side of a Lightwave signal. For this reason, the waveguide mold Ught corpuscle child 10 can also constitute as 
the light modulation element and optical ampUfication component of a transparency mold, if for example, a Ught 
modulation means, an optical amplification means, etc. are instaUed in optical waveguide 120. 

[0046] Next, about actuation of the waveguide mold light corpuscle child 10 concerning the gestalt of this operation, if 
it explains referring to drawing 9 and drawing 10 succeedingly, when a lightwave signal Si is inputted into the 
waveguide mold Ught corpuscle child 10 from 2nd I/O section 100b, a Ughtwave signal Si will be inputted into him 
from termination side 16b at optical waveguide 120 through crevice field 104b which I/O section 100b cut and was 
lacked. Furthermore, the guided wave of the Ughtwave signal Si is carried out by optical waveguide 120, and it is 
spread to termination side 16a in 1st I/O section 100a of optical waveguide 120. 

[0047] The nonreflective film AR is refracted in termination side 16a by which coating was carried out, and the 
Ughtwave signal SI spread to termination side 16a is outputted as an output Ughtwave signal S2 from termination 
side 16a further again. Furthermore, the output Ughtwave signal S2 is outputted by the waveguide mold Ught 
corpuscle child 10 through crevice field 104a and component end*face 102a. 

[0048] On the other hand, in the waveguide mold Ught corpuscle child 10, when a lightwave signal Si is inputted 
from the 1st I/O section 100a side, a Ughtwave signal SI passes along a path contrary to the case where a Ughtwave 
signal Si is inputted from the 2nd I/O section 100b side, and is outputted as an output Ughtwave signal S2 from 
termination side 14b in 2nd I/O section 100b of optical waveguide 120. In addition, like the case where a lightwave 
signal Si is inputted from the 2nd I/O section 100b side also in this case, a Ughtwave signal Si is refracted by 
termination side 16b, and is outputted in the normal Cb direction of component end-face 102b as an output lightwave 
signal SI. 

[0049] The waveguide mold light corpuscle child 10 concerning the gestalt of this operation can acquire the same 
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effectiveness with the gestalt of implementation of the above 1st having explained. That is, the waveguide mold hght 
tjorpuscle child 10 can secure the ease of optical aUgnment, and high optical couphng nature with an external 
'component, and is suitable also for the modularization further while he can control the interferential action by the 
•residual reflection in termination side 16a of optical waveguide 120, and termination side 16a. 

[0050] (Gestalt of the 3rd operation) The gestalt of operation of the 3rd of this invention is explained below with 
reference to drawing 11 and drawing 12 . In addition, drawing 11 is a top view for explaining the waveguide mold 
Ught corpuscle child's 20 rough configuration, and drawing 12 is sketch drawing firom [ of the rough configuration ] 
strabism. Moreover, detailed explanation is substantially abbreviated to the component explained in the gestalt of the 
above 1st and the 2nd implementation among the components of the waveguide mold light corpuscle child 20 
concerning the gestalt of the 3rd operation by ****** which attaches the sign of abbreviation identitas about the same 
thing. 

[0051] If the configuration of the waveguide mold light corpuscle child 20 concerning the gestalt of this operation is 
explained to the beginning, in the waveguide mold Ught corpuscle child 20, in the I/O edge 24, I/O section 100a of the 
I/O section 100 concerning the gestalt of implementation of the above 1st and this configuration is arranged, and 
coating of the total reflection film HR is carried out to the component end face 26 by which the I/O edge 24 is located 
in the opposite side. Furthermore, I/O section 100a and the total reflection film HR are connected by optical 
waveguide 28. 

[0052] Therefore, the waveguide mold Hght corpuscle child 20 can make it the Kght modulation element and optical 
amphfication component of the duplex passage mold (reflective mold) with which coating of the total reflection film 
HR was carried out to the component end fece 26, if for example, a Ught modulation means, an optical amplification 
means, etc. are instaUed in optical waveguide 28. 

[0053] The guided wave of the lightwave signal Si inputted into I/O section 100a fi-om the waveguide mold Ught 
corpuscle child 20 exterior is carried out by this configuration, and it is transmitted to the component end face 28 by 
optical waveguide 28 by it. Furthermore, it is reflected in the total reflection film HR, and again, the guided wave of 
the Ughtwave signal Si transmitted to the component end face 28 is carried out by optical waveguide 28, and it is 
spread to I/O section 100a by it. In I/O section 100a, a lightwave signal Si is outputted in the direction of normal 
calcium of component end-face 102a as an output Ughtwave signal S2 aft;er refi-action fi-om termination side 16a to 
which coating of the nonreflective film AR was carried out. 

[0054] In the waveguide mold Ught corpuscle child 20 concerning the gestalt of this operation explained above, the 
external end -face reflective return Ught Po has another Ughtwave signal Si and output Ughtwave signal S2 from I/O 
section 100a, and path to I/O section 100a. Therefore, since the waveguide mold Ught corpuscle child 20 can reduce 
sharply the cross protection resulting firom the external end*face reflective return Ught Po, though manufacture is 
easier than the waveguide mold Ught corpuscle child 20 concerning the gestalt of the 1st operation, same extent as 
the waveguide mold Ught corpuscle child 20 concerning the gestalt of the 1st operation or the effectiveness beyond it 
is acquired. Moreover, the waveguide mold Ught corpuscle child 20 concerning the gestalt of this operation can reduce 
the cross protection resulting fi:om internal end-face reflective return Ught (not shown) as weU as I/O section 100a 
concerning the gestalt of implementation of the above 1st. 

[0055] Furthermore, since termination side 16a is withdrawn and formed in the I/O section 100a side of the 
waveguide mold Ught corpuscle child 20 concerning the gestalt of this operation rather than component end-face 102a, 
possibiUty that termination side 16a wiU be damaged in the cases, such as optical aUgnment and optical coupUng 
with other components, decreases sharply. Furthermore, the waveguide mold Ught corpuscle child 20 can be 
integrated by outputting the output Ughtwave signal S2 to the I/O section 100a side in the direction of normal 
calcium of component end-face 102a, without giving a Umit in any way to the Ught-receiving side of other components. 
[0056] When instalUng for example, a Ught modulation means, an optical amphfication means, etc. in optical 
waveguide 28 and using a waveguide mold Ught corpuscle child as a Ught modulation element or an optical 
amphfication component further again, it is possible to run in a modulation or magnification in an outward trip and a 
return trip to Ught. Therefore, it becomes possible to pile up the effectiveness of a modulation or magnification, and 
various outgoing radiation light can be obtained. 

[0057] (Gestalt of the 4th operation) Next, the gestalt of operation of the 4th of this invention is explained with 
reference to drawing 13 and drawing 14 . In addition, drawing 13 is the perspective view showing the rough 
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configuration of the waveguide mold light corpuscle child 30 of the transparency mold concerning the gestalt of this 
operation, and drawing 14 is a sectional view in E E in the waveguide mold light corpuscle child's 30 drawing 13 , and 

t0058] First, the configuration of the waveguide mold hght corpuscle child 30 of the transparency mold concerning the 
gestalt of this operation is explained. In the waveguide mold light corpuscle child 30, as shown in drawing 13 , 1st I/O 
section 100c is arranged at the component end-face 30c side of optical waveguide 32. On the other hand, the lOOd of 
the 2nd I/O sections is arranged at 30d side of component end faces of optical waveguide 32. It regards as these 1st 
I/O section 100c and lOOd of the 2nd I/O sections firom x in drawing 13 direction, and has the same configuration as 
the I/O section 100 concerning the gestalt of implementation of the above 1st shown in drawing 1 . 
[0059] That is, in 1st I/O section lOOc, as shown in drawing 14 , waveguide edge 34a of optical waveguide 32 
(refiractive index nl) is formed so that the direction Ac of a guided wave of Ught may incline to component end-face 30c 
and may have delta. Furthermore, it sets to 1st I/O section 100c, and is the waveguide mold Ught corpuscle child's 30 
side (it is the case where it sees firom x in drawing 14 direction.), in addition, in drawing 11 , the direction of y and the 
direction of a normal of component end-face 30c are set to z for the direction of a vertical. fi:-om - by cutting and 
lacking the part which saw and was formed in the abbreviation right triangle, slant-face 106c with the inclination 
gamma which hits the 2nd inclination to component end-face 30c is formed. As a result, the direction Ac of a guided 
wave of the hght of waveguide edge 34c and the normal Ba of termination side 36c of the optical waveguide 32 formed 
in slant-face 106c can form the angle theta 3 which hits the 1st incUnation. 

[0060] Moreover, it is better to suppress the reflective loss of the lightwave signal in termination side 16c as much as 
possible in 1st I/O section 100c, since termination side 36c of optical waveguide 32 is equivalent to the I/O end face of 
Hght. For this reason, coating of the nonreflective film AR is carried out to slant-fiace 106c in which termination side 
16c was formed. 

[0061] Furthermore, Inclination gamma and IncUnation delta are delta=gamma-cos mostly, using the refiractive index 
of the exterior of termination side 16c as n2 in 1st I/O section 100c. • 1 (n2/nlsinalpha) 

Waveguide edge 34c and slant-face 106c are formed so that ****** may be fiUed. On the other hand, the lOOd of the 
2nd I/O sections is also constituted like this 1st I/O section 100c. 

[0062] When a Ughtwave signal Si is inputted into the waveguide mold Ught corpuscle child 30 concerning the gestalt 
of this operation which has this configuration firom lOOd side of the 2nd I/O sections, the Ughtwave signal SI which 
has spread the normal Cd top of 30d of component end faces is inputted into optical waveguide 32 firom 36d of 
termination sides. Furthermore, the guided wave of the Ughtwave signal Si is carried out by optical waveguide 32, 
and it is spread to termination side 36of 1st I/O section 100c c by it. A Ughtwave signal Si is refi-acted in termination 
side 36c, and is outputted in the direction of normal Cc of component end-fiace 30c as an output Ughtwave signal S2 
further again. 

[0063] On the other hand, when a lightwave signal S2 is inputted firom 1st I/O section 100c (not shown), in sequence 
contrary to the case where a Ughtwave signal S2 is inputted firom lOOd side of the 2nd I/O sections, it passes through 
the waveguide mold light corpuscle chUd 30 interior, and is outputted as an output lightwave signal S2 firom the lOOd 
of the 2nd I/O sections. 

[0064] Also in the waveguide mold Ught corpuscle child 30 concerning the gestalt of this operation explained above, 
the effect of the residual reflection in termination side 36c of optical waveguide 32 and 36d of termination sides can be 
suppressed Uke the gestalt of the above 1st and the 2nd implementation. Moreover, in the waveguide mold Ught 
corpuscle child 30 concerning the gestalt of this operation, while termination side 36a and 36d of termination sides 
have withdrawn rather than the component end faces 30c and 30d, the output Ughtwave signal S2 is outputted in the 
direction of a normal of both the components end face. Therefore, while possibiUty that termination side 36c and 36d 
of termination sides wiU be damaged decreases sharply, it can integrate, without processing attaching an incUnation 
to the light-receiving side of other components etc. 

[0065] (Gestalt of the 5th operation) Next, the gestalt of operation of the 5th of this invention is explained with 

reference to drawing 15 and drawing 16 . In addition, drawing 15 is the perspective view showing the rough 
configuration of the waveguide mold Ught corpuscle child 40 of the reflective mold concerning the gestalt of this 
operation, and drawing 16 is a sectional view in G-G in the waveguide mold Ught corpuscle child's 40 drawing 50, and 
H-H\ 
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[0066] The waveguide mold light corpuscle child 40 has composition which arranges component end-face 40a which 
Treated the total reflection film HR instead of arranging lOOd of I/O sections in the waveguide mold light corpuscle 
'child 30 ( drawing 13 ) concerning the gestalt of the 3rd operation, as shown in drawing 15 . That is, the waveguide 
•mold Ught corpuscle child 40 concerning the gestalt of this operation can call it the example of the reflective mold of 
the waveguide mold Ught corpuscle child 30 concerning the gestalt of the 3rd operation. 

[0067] Therefore, he can get various output Ught, maintaining the fitness over control and the modularization of 
residual reflection, since the waveguide mold Ught corpuscle child 40 concerning the gestalt of this operation can 
change light in an outward trip and a return trip. 

[0068] (Gestalt of the 6th operation) Next, the gestalt of the 6th operation is explained with reference to drawing 17 - 
drawing 19 . In addition, drawing 17 is the explanatory view of the optical coupUng section 250 which appUed the 
optical coupUng approach concerning the gestalt of this operation, and drawing 18 and drawing 19 are the 
explanatory views of other optical coupUng section 250a which appUed the optical coupUng approach concerning the 
gestalt of this operation, and optical coupUng section 250b. 

[0069] The optical coupUng section 250 is constituted in the optical coupUng section 200 of the I/O section 100 and the 
external component 202 which were explained in the gestalt of implementation of the above 1st and which are shown 
in drawing 1 by filUng up the crevice field 104 of the I/O section 100 with the adhesives 252 of UV hardening as a 
mediation ingredient, as shown in drawing 17 . That is, as shown in drawing 17 , in the optical coupUng section 250, 
the slant face 106 of the I/O section 100 and the cleavage plane 208 of the external component 202 are pasted up with 
the adhesives 252 with which the crevice field 104 of the I/O section 100 was fiUed up. In addition, in the optical 
coupUng section 250, the physical relationship of the end face 210 of the external component 202 and the component 
end face 102 is adjusted so that the output Ughtwave signal S2 fi:om the termination side 16 may be inputted into the 
core section 204. 

[0070] By this configuration, the output lightwave signal S2 outputted fi-om optical waveguide 12 in the termination 
side 16 is inputted into the core section 204 through the crevice field 104 and the component end face 102 with which 

adhesives 252 were fiUed up. 

[0071] In addition, in the gestalt of this operation, the termination side 16 may perform end-face coating of a suitable 
reflection factor according to the refiractive index of optical waveguide 12 and the core section 204. Furthermore, as 
for the distance of the component end £ace 102 and the termination side 16, it is desirable to set up appropriately the 
refiractive index and the termination side 16 of adhesives 252 in consideration of an angle of divergence, the end-face 
coating approach, etc. in case the output Ughtwave signal S2 carries out outgoing radiation. 

[0072] in the optical coupUng section 250 which start the gestalt of this operation show in drawing 17 further again , 
if the refi-active index n3 of adhesives 252 be make larger than the refiractive index (- 1 ) of air or a vacuum , namely , 
it adjust so that the relation of l<n3 may be satisfy , breadth (beam divergence by the diffraction effectiveness of 
Ught ) of the Ughtwave signal SI produce between the end face 210 of the core section 204 and the termination side 16 
can be make smaUer . 

[0073] Furthermore, in the optical coupUng section 250 concerning the gestalt of this operation, the refi-active index 
nl of optical waveguide 12, the refiractive index n3 of adhesives 252, and the refi:active index n4 of the core section 
204 so that the relation of nl<n3<n4 or nl> n3> n4 may be fiUed When it sets up and distance between the 
termination side 16 which is the optical path of the output lightwave signal S2 in adhesives 252, and the cleavage 
plane 210 of the core section 204 is set to z, it is able to make it to satisfy the relation of 4n4 z=lambda. However, 
lambda is the vacuum of Ught, or the wavelength in the inside of air. 

[0074] Nonreflective conditions can be satisfied between the termination side 16 and the end face 210 of the core 
section 204, without performing nonreflective coating to the termination side 16 beforehand at this time. 
[0075] If the optical coupUng approach concerning the gestalt of this operation is used, the adhesion of the optical 
coupUng section 250 wiU improve by using adhesives 252, for example. Furthermore, in order that adhesives 252 may 
play the role of a cushion, the resistance over a mechanical shock, vibration, etc. becomes possible [ creating a high 
Ught corpuscle child module ]. 

[0076] Furthermore, beam divergence by the diffiraction effectiveness of the Ught between the termination side 16 and 
the cleavage plane 210 of the core section 204 can be made small by using the adhesives 252 with a larger refiractive 
index n3 than 1. Therefore, the optical coupling effectiveness of the optical coupUng section can be raised. End-face 
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coating is not performed to the termination side 16 of optical waveguide 12, but it becomes possible also for ** to 
realize nonreflective conditions further again. 

'[0077] As the gestalt of this operation is shown in drawing 18 and drawing 19 , optical coupling section 250a and 
•optical coupling section 250b may be formed further again by the optical coupling approach which starts the gestalt of 
this operation using external component 250a and external component 250b which have the I/O section 100 and this 
structure in the external component 250. In addition, since the structure shown in drawing 18 and drawing 19 is the 
same as the structure shown in drawing 5 and drawing 6 except being filled up with Fillers 252a and 252b, about the 
member which has the functional configuration of abbreviation identitas, duplication explanation is omitted by 
****** which attaches the same reference number. 

[0078] As mentioned above, although the gestalt of suitable operation of this invention was explained referring to an 
accompanying drawing, this invention is not limited to this configuration. In the criteria of the technical thought 
indicated by the claim, if it is this contractor, it can hit on an idea for various kinds of examples of modification and 
examples of correction, and will be understood as what belongs to the technical range of this invention also about the 
example of these modification, and the example of correction. 

[0079] For example, in the gestalt of the above-mentioned implementation, although the waveguide mold Ught 
corpuscle child was mentioned as the example and explained, this invention is not limited to this configuration. This 
invention is applicable also to the component integrated combining suitably other various apphcation optoelectronic 
devices, for example, laser, Ught modulation element, mode transformation component, PD, optical switch, spectral 
separation component, multiplexing component, optical filter, wavelength sensing element, LED (end-face 
luminescence LED), DFB-LD, or these components. 

[0080] Moreover, this invention is applicable also to the waveguide mold Ught corpuscle child who has various 
ingredients and structures, a dimension, etc. 

[0081] Moreover, in the gestalt of the above-mentioned implementation, although the waveguide mold Ught corpuscle 
child who coated the end face with AR film and HR film was mentioned as the example and e^lained, this invention 
is not Umited to this configuration. This invention can apply an end face also to the waveguide mold Ught corpuscle 
chUd to whom coating was performed with the formation approach of other various end-face coatings, the number of 
layers of the coating film, the ingredient of the coating film, etc. 

[0082] Moreover, in the gestalt of the above-mentioned implementation, although the optical coupUng approach using 
the adhesives of UV hardening was mentioned as the example and explained as a packing material, this invention is 
not Umited to this configuration. This invention is applicable also to the optical coupUng approach using the 
adhesives of stiffened UV hardening, or other various packing materials. 
[0083] 

[EflFect of the Invention] According to this invention, the interferential action by the reflected Ught generated in 
residual reflection can be prevented, and an optoelectronic device with easy maintaining whenever [ optical coupUng ] 
highly fiirther and optical alignment can be realized. Therefore, the comparatively easy modularization of an 
optoelectronic device becomes possible. 

[0084] Furthermore, since it will be in the condition that the optical waveguide end face in an optoelectronic device 
was protected according to this invention, possibiUty of doing damage to optical waveguide at the time of production 
of an optical integrated circuit and construction of optical system etc. can be reduced. Therefore, it becomes possible 
to offer the cheap high optical integrated circuit and the optical system of the yield. 

[0085] According to this invention, the optical coupUng approach that there is the same effectiveness as the case 
where a component end face is coated with the nonreflective film only by making an ingredient intervene becomes 
possible ftirther again. Therefore, an end-face coating process can be skipped and the improvement in the further 
yield of an optical module and cost reduction become possible fi'om the production process of the optoelectronic device 
which carries out a modularization. 
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[Drawing l] It is the top view showing the outline configuration of the I/O section which can apply this invention. 
{Drawing 2] It is the rough perspective view of the I/O section shown in drawing 1 . 
iDrawing 3] It is the explanatory view of the setups of the I/O section shown in drawing 1 . 

-[Drawing 4] It is the explanatory view of the approach of optical coupling with the other components of the I/O section 
shown in drawing 1 . 

[Drawing 5] It is the explanatory view of the approach of other optical coupling of the I/O section and the other 
components which are shown in drawing 1 . 

[Drawing 6] It is the explanatory view of the approach of other optical coupling of the I/O section and the other 
components which are shown in drawing 1 . 

[Drawing 7] It is the effectiveness explanatory view of the I/O section shown in drawing 1 . 

[Drawing 8] They are other effectiveness explanatory views of the I/O section shown in drawing 1 . 

[Drawing 9] It is the top view showing the outline configuration of the waveguide mold Ught corpuscle child who can 

apply this invention. 

[Drawing 10] It is the perspective view showing a waveguide mold Ught corpuscle child*s rough configuration shown 
in drawing 9 . 

[Drawing 11] It is the top view showing the outUne configuration of other waveguide mold Ught corpuscle children 
who can apply this invention. 

[Drawing 12] It is the perspective view showing a waveguide mold Ught corpuscle child's outUne configuration shown 
in drawing 11 . 

[Drawing 13] It is the perspective view showing the rough configuration of other waveguide mold light corpuscle 
children who can apply this invention. 

[Drawing 14] It is a waveguide mold Ught corpuscle child's sectional view shown in drawing 13 . 

[Drawing 15] It is the perspective view showing the rough configuration of other waveguide mold Ught corpuscle 
children who can apply this invention. 

[Drawing 16] It is a waveguide mold Ught corpuscle child's sectional view shown in drawing 15 . 

[Drawing 17] It is the explanatory view of the optical coupUng approach concerning this invention. 

[Drawing 18] They are other explanatory views of the optical coupUng approach shown in drawing 17 . 

[Drawing 19] They are other explanatory views of the optical coupUng approach shown in drawing 14 . 

[Drawing 20] It is the top view showing the conventional waveguide mold Ught corpuscle child's rough configuration. 

[Description of Notations] 

10 Waveguide Mold Light Corpuscle Child 

12 Optical Waveguide 

16 Termination Side 

100 I/O Section 

102 Component End Face 

250 Optical CoupUng Section 

252Adhesives 

Aa The direction of a guided wave 
Ba Normal of a termination side 
calcium Normal of a component end face 
SI, S2 Lightwave signal 
alpha, beta IncUnation 
z Distance 



[Translation done.] 
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mii^K a i , 1 0 6 CCffJgt 3 n -5.:*2»iSa§ 1 2 © 
**4SiDl 6©j4i^Ba it*. Ill ©ffittC&it^fte 1 

[002 2] S/c, T^^i^SS 1 2 ©Ji^JSffi 1 6 «. 3fe© 
AtiS:^*SMi<:*fc-5/c:5b. $?-^M 1 6 tcfcl^f ?,5feft-^© 

H 1 6 ifimiS.^ n/clifB 1 0 6 JfeSWIiA R*s=i 
-T--/ >^3n-CC^?)e tiis. AtH;'3S|51 0 OJCfel* 
r. lift aiMft/Si*^ 

(8 = a-cos"' (n2/nl s ina) 
©M^^iS/cT J: ^ (c. ^i^SS^gp l 4 iMli l 0 6 i 



5 

mm-Ci) >0. n 2 ti. QflgPM^ 1 0 4 ©B*T^t:'*^„ 
[0 0 2 3 ] ^Xl^-C. ^ife©Jf$J|S{cd^*i^Af±J;'3SP 1 

0 0 ©«)f^(coi>r . 1 2 ^^mon 

1 ». ziiSK^SP 1 4 ^/rt-cti^ffi 1 6 icBmr^, 
[0 024] s :^c. mmm 1 6 fcesssn/cTfefi 

So 3e>{c. iiit)^ims2it. msmmi 04-si.zfm 

iFffiffli 0 2*/rLr. Atii;^gpi 0 03&ie.a:^3n 

[0 0 2 5 ] c c-c, m^m 1 6 ifihmsmm 1 0 4 

1 0 4©ffl*T*n2<!:3&5^rj:SCi{cJ;-5r^i;2.ffljT 
[0 0 2 6 ] ^BJ#^CD^^{C *>*^€.«Jf{Cis 

i^r. i^mm 1 etDSi^B a i2»?^8S^gp 1 Aoytom 
>^-rs^i^JSffii 6*^e>©m;^3icm-^s 2*s^-rft0 2 1 

nlsin01=n2sin02 

[0 0 27 ] j/c. lati^m^sztK mmwiea^h 
4{c^itL/-caii::^i^(£:Ui:^3n€.i«^tc«. ^N^e^jtc 

0 1 =7c/2- (a-|8) 
0 2 = TC- a 

[0 028] Ltc^-yx:, t>i)>^mt)Mm^s 2i)i. m 

n 1 s i n (7C/2 - (ct-iS) ) = n2s in (tf- 
a) 

& = a - c o s'^ <n2/nl s ina) 

[0029] ii>i3f^?>mmt, xmt}^ 1 0 0 (,ci6»i,m 
1 0 o*^6©m;^3fefi^s 2«, i^^ffii 6f}^(bm^m 

[0 0 30 ] ^XtC, Xtiitin^l 0 0*sJil±|JiB^L/cJ: ^ 

ytrnms 1 2©ffli(T^n 1 iDflguMns 1 0 4<Dmmmn 
zokb (inr. mtfrmtt] t^-r, ) n i/n 2*5^11 
^tfi. 5~3. 5omsic^i>m^<DmnatmMfi 



(4) i^FgfW 1 1 - 1 6 7 0 3 5 
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[0 0 3 1 ] mji^m<o^mcj:ti\t. mmm 1 0 4 

3. 0~3. 5-C*-S. Ltcm^X, Atb;'3gB 1 0 0 ^ 

mi-r^m-^. m^^-mm 1 0 4 (Dmm.c a <!:a««a§jssi5 

S(C©JS^. Mft/3{*il^j8 3a-e**„ ) tCSSL/c 
B#tC«. Mfta«a~l 7 OK (C©li^. Tf-a-l 

10 oar*-5.o ) fci§:s-r-5ctcc;^d:s„ 

[0 032] s /c. mM^m<om^icj:tii^. m^mm 
1 0 4©«fi5SfiS5®*sfi?!i^«2^$i-c*i5 . ^mmm 1 2 © 

''^'^©K«^•e^>•5>*^^C«. ®J>f$J:bn l/n 2t* 
1. 5~2. 0-C*So Ltcii^-oX. Atb::'3S|5 1 0 0 * 

it. i^ftatta = 1 6 6~ 1 6 OfiS (C©*i^, x-a 
= 14-20e-C*S. ) iCWLm-r^CtiCtj:^, 
[003 3] AiC. H4^#Ml/^C3ti5f,, :^mm(Djim 
20 {C7!)i*:>S Aa;^7gP 1 0 0 i . m^i:£My r ^ /^X»P L 

cmi'm(o9\-mm^2 0 2 i©ra©3i£*s^©^(cot» 
xmm-r^o 

[0 03 4] 04 {c^-r«i:^tc. n^m^2 0 2it. 3 

TgR2 0 4Si>'3Tg|52 0 4©jaH{C?f$^3n/c^^"^ 
Ka52 0 6 ||^ffi2 0 8-C^^gI5^■?•2 0 2©J1-g|5 

(;ctf#mu©<^SiJc«^3nrc^s. ;:»^*:'Sj^siJ^^2 

0 2©ltgaH2 0 8^. Aa:^g|Jl 0 0©3g^=«Bl 0 
30 ©a:^7^ft#S 2*5. i^|-g|5m^2 0 2 ©378132 0 4 

A^n>j:'?ic. m^mmio2 6if\-^m^2 0 2<D^ 

ffi2 1 0 <!:©{igM«^i)gS-r-So 
[0 0 3 5 ] A^*>amJiXJCj;-j-C. 2t,CJ^-o 

xm^s titc^m^ s lit. i^^ffl 1 6 n^f^m^^m i 
0 2 ©s«5C a :^[Siccffl:t» sn. iag|5^« 104^^0 

X. nSP^^^2 0 2©=iTgll2 0 4(CA*t3*T.-S, * 

/c. c©«K:Am;'3g|5 1 0 0 <k^1-g|J«^^2 0 2 i 
■^Ltcm-^. is^ffli 0 2icit, n^mmi e*^^©^ 
tiytm^s2<omtii'onicfx:^ox, mm^-7--<:y!^a> 

[0036] t£is. :i^mm<mm.ici}^i}^hxmtim\ 0 

0©ffli^W. Tfe^r -r-'>'X«PLC^T-^©i^g|SS^2 
0 2 iOTfeifg^tcRgS^nAilJ. 055:0^06 

(c^i^-rJ:'5ic. 7l67T^'^^'■^PLC^^^^©mlJ*^^2 
0 2 ©K*dO (C. Atii;'3SIJ 1 0 0 iig«3i©*SSiJ«r^T 
SST-2 0 2 a^*^2 0 2 b^ffll^r. 7^,tS^g|52 0 
0a^^$g^2 0 0 b?r«^-rSCi*>-C^So 
fc. E5tc^j^-rilSg©fl<jetj, AtU:^S|JI 0 0©$4S1 
50 06<b^^2 0 2a©Aai:t»*SBi2 0 6ai*i3XMt-S 



cfc '> ftgrie^tir. xmtiU i o o (j>wm& i 2 © 

-fi\^tm^2 0 2 b(D2i<SS§2 0 4©:^l^?:BIS|lI-:;^(^ 

jc*t . m 6 tc7S-rsi]Sfe©?^.«». AUi:tiSi5 100© 

I4ffil 0 6 0 2 b©Aai:^iafiH2 0 6 b <i:*SB§ 

^©ftiSTgesnr. a/±i;'3SPi o o©2ii^?s i 2© 

-f3{^tmi-2 0 6 b©#ifi^SS2 0 Ah<Dlj\^iiDimti^ 
X 5 iCiST -5 C i )& pJtlCC L./c0!|*S^ l^fc *>©r 
[0 0 3 7 ] i):fC. *^S6©?f$,^(C*>*>S Am;'3S|5 1 0 

0©5fJ!iS(c-oi:>r. 04. 07St>'0 8^#MLrifiB^ 
■r-5. S7(c^-rj:^(c. AtB:^gp 1 0 0 {c*ji>T. 
^iB 1 6 li^iSSS 1 2 {c^f LTliie^^-r ct ^{c«iB 
g?n-Cl»Aj:t,>„ L'/c*i-:)T, *llife©ff^SI{cJ;n«. 
AW;^gpi oo*^e>tli;^?feft-^S2^ai;^>-r-S«^. 
^BHl 6-CS*fL/r5fe^i^!Sl 2F«3g|5tcM-53t («T. 

m^mmiW:*)%\ tm-. > p i *AfiJc(s?g5-r 

2,ct*sr#^, ^S^iu-c. jaSJg*fr*€.i^g|JiSffl 

[00 3 8] $6{C. S7(C^t-<fc5{C. AttJ;bSiJl 0 

0(C, U>X^h>'U5^HiCj;-5-C|l^$n/i:U'>XL*^ 

jSi*5fe(«T. mummmim*)%i t^fFt, ) po 

[0 0 3 9] 08tcijK-rJ;Ofc. Aai:^SPi 0 

OCCfcC^T. ^^ffiffil 0 2iU>XLi^W(Ci2g 

■rtitf. H}:^j3feft^s 2©«l*^>XL©lA<i:^^f{c■r 
€). ■r^c*3^m;^»3i£^-^s2*u>XL(cffijafcA»f-r 

6ISmm©:^#3©U>XL€rfl|Cit:. tli:Zj7fefl#S 2 

SB 1 0 2 i©Pacc. ^afC+^?sraPg€:«^TSC 4 
*5pJSg-c*^. LT, *||)!ife©J^!l8{c*^*^SAHi 

1 0 0 ^iiffl 0/c7fetStl*^^«, Tfe^T ^ -C y > h 
©l?Rfc^-?ig±©S^ft!|rCC J: S«$a©nJ#ltt*ffi< S 

[0 04 0] ^h^C^tc. *^*^^7t:^T^-l'^> h©S 
^ttl*. AtliJ'jgPl OO^TU"Ct^Ccm«{bb-CJf^^T 
S»^(C4»W*iJ-C**, -Ti^Jto^. 1 0 2(C^ 

mc, ^^^JS® 1 0 2i3te*S^3-ti-^^1-S|JS^^©SgM^ 

[0 04 1 ] $ e.(C$/c, mi5*^6Atb:^gP 1 0 0 {C3t 

^«<*i^(c^>i5)^i©5^i^*5xi!ft-c#-2.. tfjitfib. m 



(5) 1 1 - 1 6 7 0 3 5 
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[0 04 2] $6(C^/c. ^^iiffll 0 2(C>FtL-C*S-^ 

® 1 G^iAihtiS^^i 0 o©rtg|5(c5l-piA^r'l^s©r. 
^iejjj^Drt^fc. 5^':.7-||igft©?fe^«88^ffi©=i— 5" 

T. *S3;D©m^flliB^c«jg8SM3fe^^=-?:ll^-r€.C 

[0 04 3] xtiitj^i^i ooicisi^^x. m 

10 4 iCTT.-r^ ^ ic. 1 6 ^m^^m i o 2 <,cmlx 
^\r,i^^fcm^icu^'c^,^ic^(,cj:■ox. i^d^m'^2 

0 2 i7feife^3tt^.JS^tC». AW;'3SI5 1 0 0©lg-i^4S 
Ml 0 2<!:?^gUS^^2 0 2©^M®2 0 8i*S&«?-B- 

{sm-ri> c iAs-ctr. m«3fe©ejs®fsrM^-r^ ^ 

[0 044] $e>ic3Jfc. AtiJ:'3SPl 0 0<kJ^g|J^^2 
0 2ti:mm^i±rj:i,^m^X$>-oXi>. i|!*J!8®16©» 

-5T. 76*S^*tT^^^^ffil 0 2 tn^miF2 0 2© 

^pgE2 0 8 t(Dm(Dsm=§:n^m< -^(c^oc 

[0 045] (m2<Dmmmm) ^^ommic^^A^ 
i>m^m^m'f- 1 0 09 Rzm 1 0 (c^-r j: ^ 

(C. 3lc«»?g!Kl 2«:/hL-C. » 1 ^^^^2 ©AtH:^7SIJ 1 

0 0 a. 1 0 0 b^BeL/c^3§<ti&ort>^>. |g 
lSi>*^2©Am:tl5Pl 0 0 a. 1 0 0 b tJ. fCfcUi 

30 mutcmi <Dmm(Dmmici)^itr'^xtiit)^ i o o iusisi 
-«jS**L.ri>s©r. ■e©i«isao'f'^fflS3!i«(co(,» 

xttt. mmmmitrnmb, -e©!^mw^cgPc9-©j?*^>srfe^T 

Sa»?SaSSjfeSR^l 0». 3fem-^©Aa;'3ffitc*/c-5)3t 
^iSSS 1 2 0 ©M^QO (Sli^^M 1 6 a S^CJ'l^iigS 1 6 
b ) icMMmmA R©3-f--^>i'^*feU /c^-Sjt^ 
3gi%^>. C©/ca?). ^iSKMpfe*-? 1 0 «, 3t:«jgK 

1 2 otc«?!i^«3i^i)i#is:^is*i#K^;&iaa-rn 
2jaM©3fe^pi^^-^?i£ititim-T-<b urfltfiS-rs c 

40 ifeT'^-S. 

[0046] ^^tc. :^mmmmicii^i)>hmmsm^m 

vrji^^ibmm-r^t. *^gi^§M?t*^^ i o 3fem^ s 

1 2 Aa;'3gi3 1 0 0 b 6 A:'3 3 tifcm-^. ^iwn 

S 1 «. Xmt)Si 1 0 0 b ©^9 i^7!)^ti/cHgPM«j 1 0 

4 b !S:itLxmnsim i e hif^fi>^mmi^ i 2 0 (ca:^3 

56(C. ^tm-^SHJ, TfeziiSSSl 20(CJ:-:>T 
'^^$ti. 7fez«!jg3§ 1 2 0©||1 Aliil^JgP 1 0 0 a{C*j 
WSJ^JSSl 6 atcetSTSo 
50 [0 04 7 ] 36{C35fc. ^^Hl 6 a{ceiiSn/c3fe 
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ff#S Hi. ^SIJS*HliARAS=i-7--< >^3nfc*|isSM 

1 6 acc*ji^-cs!»TU. mmmi e SL^^^mtjytm^s 
mmio4 aRifm^mm 102a *:f^Lr. Jiis^ggs 

[0 0 48 ] ^s^^^8SM7fe^^^ 1 0 ic*jc^r . m 1 
Aai;t)SP 1 0 0 a PJ*i ^Ms^ S 1 *i A;^ S tifcm^ 

it. mmns 1 w. ^2 AtHi^sp 1 0 0 bfsij3&i63i£m-^ 

S 1 ASAj'j^tl/clft^ittaSSOiglB^raioT, ^mi&^ 
1 2 0®lff2AW:'3SPl 0 Ohicisii^l^mmi 4b*^ 

e>. ni;'37tm-^s2<f:L/Ta:^3n-5. ^c*j. c<Dm-^ 
tcm-^tm^t^. yem-^s 1 1 e h-cmtfru. 

mt)^{E^S 1 i L/-C. ^^^ffi 10 2b (D-imC b 

[0049] :^m^<ommciPi}^?,mimmdm^ 1 0 

«. ±1211 1 (Dmm(onmvm.m htct mcom^^n 

3l?g!S 1 2 0©|KS8H 1 6 a i^R^Bo 1 6 a i(C*jl:f S 
[0 0 5 0 ] (Ig 3 ©lll5fe(D?f$«8) ^^K:$|%hJ(D|^3 © 

«Rg*aJiBj-rs/c«&®¥ffiiiat?*)D. 01 2«. ^£-©«i 
B§e«JlffiS©im*l^i]*^e.©mffi^lar*•2.„ i/c. us© 
mm<Dmmici)^i)^i>mimmytm^2 0 ©ti^s^© ^ 
^. ±ieii 1 R:/m2<omm(Dmmt,ci^i.^xim otcm 

^S3Si||se«j{c|aI— ©'6>©{cr?i»t:». w8m—<on^ 

[0 05 1 ] SfiJCC. *||Jg©JfJ^(C*i*:>S#&SSM^ 
^■?-2 0©«fiS{COl»-rgi§g-r5.i. ^»?gBSM3fefg^^2 
OtcfciiT. Aai;'3«gP2 4(c». ±iBmi©ll]te©J^ 

gg{C7!)i*>^Am;':gi5 1 0 0 6mmii^<Dxmt)mi 0 0 a 

l^^S. $^ic. Affl^SPl 00 ai^S*ffliHRi«. 
[0 0 52] Lfc*5^-C. «jg8SM^«^=-2 0«. ^« 

[0053] *i*i-sfltfiS{c J; oT. mms&m^m^2 0 

mP*>e>Atll;'3g|3i 0 0 aJcA;^sn/c7feft-^s 1 it. 

ytmmm 28(cj:oTagi^3nr. ^^jss 2 s tceii 
sns, $6tc. m'j'^m2 8icBm$ritc^m^s I 
it. ^m.mmHRic*si^xmm$ti. nzfytmm.^28 



C6) ^mW- 1 1 - 1 6 7 0 3 5 
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{cj;o-cJs>«snrAm;'3Si5i 00 aic&m-ri,. Am 
;'3gpi 0 0 atcfcc^r. Tfeff-^s 1 it, mKmfmARi)^ 

1 0 2 a©^i^c a:^\^<,cm:h^mns 2 1 oxm 

[0 054] li^±I^BJL/c*||J6©JfJ«gCC*:'A>6^2S^SS 

m3>tm^2 0icid\.^-cit. ^^^m^mm<o^p oit. 

Xmtf&i 1 0 0 a'sCD^fl-^S 1 RZfXmt!^ 1 0 0 a 

10 mmmytmj- 20 it. 9\-smmixmmK)^Poicmm 

fji^^h. m 1 ©ll«fe©ff$Sg{C*:>A>5^jg5SM^^^2 0 
il5lDaS*>'&nJil±©55ljm*if#en^o S/c 
©?^JStC*^:^:'^«^gSM7lL:^^2 0 it. ±12^ 1 ©Slife 
©J^SItc*>*iS AW:tjgU 1 0 0 a «b|g«tc. rtSPiSBS 

[0055] $ 6{C. :^m<OBBiCf)^i!l!^?,mm.^^ 

20 m'f-2 0 oxmt}^ 1 0 0 aiMtctJi^rw. ii^mm i e 

a-^m^^mi 02 ajcK) i,^\':>^>^^xnm^tlr^,>^ 
fcibic. m^m 1 6 a *37^^T 5 -r > y > h ^mm^ t 

CC. Am:tilHJl 0 0 afiKc*jt,^r». m:^J3tft-^S2 7!>s 
*^^®1 0 2 a©S)^Ca:7^|tiJ{cm:^Sn^Ci<btC 
J: *) . mmm^mi- 2 0 «f&Si^©g:3fe®cc^t or fsj 

[0 0 5 6] 3 7t*<g8§2 8 CCC^iJ^^t^^PI 

88i «Kr^lH-?>i9i|ii'&lgW -5 C i *s bJ«|-C* . L A: 
A^oT. ^|E0^itiPi©?9!)^?:a*a^*:)-lJ-SC<b3!)SpItl<b 

[005 7] (.m4r<Dmmmm) 'ak., *ifeB^©ii4 
Hj-r^o j^cfc. 01 3{*. *ii]ife©ffj,^(c*i*:.^sjs^ 

©^j^M3fe«^^3 0 ©ftHBSfifJ^^fiS^Sr^-rima-C* 
. 0 1 4 «. «jg^^3feSR^3 0©H 1 3 43©E - 

E. F-F' icisi-ih^mmx^^, 
40 [ 0 0 5 8 ] *-r. ^mM<Dmmici]p>ffi^m.m^<DW<& 

T-3 0{C*j(,>T. 01 3{C7n-rj:^tC. W»m&Z2<0 
m=f-^m 3 0c fflrjtcti. I? 1 K\^tl^ 100c *5|eg3 
tlTti^. *2»ig?SS3 2©*-?-JSffi3 0 dffliKc 

«. ®2AtH;^gPl 0 0 d^^ffiSSti-CC^-S, ij^t^^hm 
lAtH;bSI51 0 Dei IS 2 Am:*jS|Jl 0 0 ditt. 01 
3 cf x:)7[SJ*>6ilT. HI 0C7nT±iBI^ 1 (omMOBM 
iC^^i}^^Xm:tjiV>l 0 0 i[p)fil©^^5:WLrii?.. 

[0 0 5 9 ] r^ct)^. H 1 4tc^rj:^jc. mi Am 

50 tJ^ 1 0 0 clCisl^X, jltmil&^3 2 (TOSr^n 1 ) © 



u 

mmimm 3 4 a w, ^(Drnmy^f^A c ^m^^ms 0 

1 Xm^^ 1 0 0 c tcfcl^TB. »igS§M7feS^ 3 0© 

mi Atpjcysm^t^WLtcm-^-chiyo ^cfc. 01 
j^fiST^o i?5«iL.-c. mmm^]i3 4 c<D^o)mmy; 

I^A c i. MM 1 0 6 ctC?f$t!KSni>*«jSgS3 2<Dif^ 
J^ffiS 6 cCDa,fSBa<!:«. ^ 1 ©ffl*iC&fcS:ft0 3 

[00 60] i/c, m 1 AHi;':g|5 1 O O c (Cfcl^T, ^ 
j!I?SSS3 2cr)$*4S®3 6 c im<DXmt)mmic$)fci>fc 
*^^® 1 6 cCC*jWS:)KM-^<DiS*faXiS:rtS/c 

/c*4ffl 1 0 6 c {C«. «t5*f)gAR*i3— f--<>i^3n 

[006 1 ] $ 6(C. H 1 AtH:^SB 100c tC*j(,»T 
J^i^B 1 6 c ©51-SP©®Jf^*n 2 4 UX. m^r 

5 = r - c o s'^ (n2/nl s i n a) 

(om^^mfc-t^ '> ic. mm&muz 4 c <b*4iB i o e 

ctmij&^n^. iS2Abb:^)a3i 0 0 d 
tf^hm 1 KW^U 1 0 0 c ii5i«{c^fS3 nr ^. 

[00623 *^*>.2.«^?:Wr €.3)s||Sfe©f$-«tC*>*>& 

mk^imt%=f- 3 0 (c. ^ s 1 *5^2 Ato;t»sp 1 0 

0 dfflij3!»<5>A:^3n^lS^(C». S^iSBS 0 dOffii^ 
C d±?:fiteLr3fJ/c5l£fi-^S 1 «. $RJSS3 6 d*>6 
^l^jgJKS 2{cA:t)$n.5o S6tc. 3^«-^Sl«. 7^ 
JMS8S3 2{Cj;oT»ig3n. Hi AtH:^g|5 1 0 0 c © 

i!i?ffi[i3 6 ctceas-r^o ^tft-^s i», 

it§4Sffi3 6 cJCtel^-CBJTL/. ^^iSMS 0 c©Si^C 
[0 0 6 3 ] Tfeff-^S 2 IS 1 Am;^)SI5 1 0 0 

c*i6A:^$nfcj«^ (s^-ii-r) cc(*, 7tm#s2*5 

H 2 Aai;'3g|5 1 0 0 d fSiJ*^ i^Kti 3 n/cti^ i «, it© 
(IB«-c^ijS^^S^^t^S^^ 3 0 rtSP^ ii® t . H 2 Aai;t»gp 

[0064] ^iimm Lfc:^mmmic:fy^t^^mm§ 
mytm^ 3 o *ii ^ r t , item 1 s D^'m 2 ©iiss©0 

fili |il«fC. 3t3it»8S 3 2 Oififc^m 3 6c RZJfti^Wm 3 

6 d CC*it:fi,J^SJSS^©l?iP*}IP^SC S„ $ 
fc. :*:|l)6g©Jf^«80c*^Ai.|.«ig^8S^3fe|g^3 Otcfcl^r 
«. *^4ili3 6 aSO'^^^ffiS 6 d*s, ^^JS®3 0 c 

R?>•3 0dcI:o^>9l•5ji^-ct^s<!:i^>^c. ffl;^^ft# 

s 2 *5M^iF-*^ffi©-S,^:^fS){c tJb:^ 3 4a ^ „ L /c*>' o 

r, mmms e csom^ss 6 d t^mmr^ojmn. 
i^MUicm^t t i>ic. fte^^©s^ffi(c>Ptur<SM* 



C7) i^ga^F 1 1 - 1 6 7 0 3 5 
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[0 0 6 5] imsomnonm) ixic. 3)s|£bj©^5 
<DmM<Dmm(icr)i,^x . m i 5so'a i e ^#BgL-ri^ 

^■r€>„ ®15«. *^)5fe©Jf$SltcA^*>^JS*t§y 
©SSaafSM36^^4 0 ©ft!ElllSe«J^j:«lfiR*^-ri4tIElr* 
(3. 01 6J*. 2ijgSSM7t^^4 O©05 0cfi©G- 
G, H-H' iCtsl^^BrffiHr^-E,. 
[0066 ] ^|jSlfSS7^^^4 0 «. 015 tCT^TJ; ^ 

1 3 ) (Cfcl^T, Aa:^g|5 1 0 0 d 5:iBa-r^f-<iiD0 tC 
10 ^SSMHR^Sr^-T--^ >^^b/c^^=■^ffl4 0 a^ieg 

S5»?a[iJSSI3fe^^4 0 «. »3©*Sg©?f$^lC*>36i5,« 

jSS§^*f^^^3 0©S*ffi©«?iJil»^-S. 
[0 067] l^tcH^-oX, :^mmimf>Ci)-^ti^i>m^'&, 

-C* hfctb. g|®SW©ffli*iJSDf*i^ * -;Kfctc?FtT 

®14?r«IJ#L.-:)o, WL^tj:mti%^m>C ti)^X^ 

[0068] (116 (ommmm) ^ic, m e ©nis© 

jm^c-oi^X, HI 7~01 9/Sr#MLrittl«-r-S. «c 
20 *J. B 1 7 «. **Jf5©?f^ffifC*^*^S**S^:^ffi?r3affl 
L./c5l£M^gP2 5 0 ©l5iBg0r-* 0,018 RlfM 1 9 
«. *||ife©?f^SgK;&>*iS*te^:&,ffiJ&jSffl L/cfft©^ 
*g^S|J2 5 0 aRO*^#S^g|52 5 0 b ©UiBJ0r*S. 
[0 0 6 9 ] **g-^a52 5 0». 01 7fC^TJ;0CC. 

±ia^ 1 (om^(omBicis{,^xmm otc 0 1 tcTi^-r a 

m:fl^ 1 0 0 ii1-g|5*^2 0 2 iO^IS^SP2 0 0(C*j 

t»T. Am:^3SP 1 0 0 (Dm^mm 1 0 4tc/^^SEtwi o 
xuvmit(Dmmm2 5 2=^^m-r?>cticj:*)m^^ 

nS. -TAjr^:^. 01 7fc^-rJ:'5^c, ^$S^g|J250 
30 {C^jt^r . Aa:^g|5 1 0 0 ©14® 1 0 6 t9\-&im^2 0 
2©«BaS2 0 8i». Aai:^SI51 0 OODOSP^iltl 0 
4(c^«3nfcS«ffiJ2 5 2(Cj;-5rJt«3n-5.„ tj: 
is, 316*S^a52 5 OiCfctirt*. *(^4i§® 1 6A^6©ai:^ 
31£^#S2*5. 3T^2 0 4{cA:^>$nSJ:^{c. il-SP 

*^^2 0 2 ©^ii2 1 0 tm^mm 1 0 2 i©<4aM<^ 

[0 0 7 0 ] *ij)>^^^(Cj:-3T, *^S8H1 6(cfc(,>-C 

^j^i 2*ie.tti:t>$n-5Hi;t)^«-^s2«. mmm 

2 5 2 A^^as n/cHSPM^ 1 0 4 Siyf^^SS® 1 0 2 

40 ^/rtr. =iTgR2 0 4{cA:tj5n.s, 

[0 07 1 ] ^c*i. :^mmmmitcist.^x . m^mi e 
w. immi^i 2mf^r^2 0 4©isjf^tct£;Dr, 

®^=^d:iS:S^^©SBD3-7^^>i/;&jfet/r^J;l^ 3 6 

(c. ^-^^a 1 0 2 iiii^JSM 1 6 <t©!sfsi«, mmmz 
5 2 ©®*T^-t>*^4fg® 1 6 ^mti%mn s 2 ^^mw-r -s 

i * ©jA;5i 0 ft -^^M 3 - 7^ ^ > 0 T 

[007 2] 3 e.{C$/c, 01 7 (C^K-r3(s:^)!ife©^J,^(C 
*^*^^7fe*S^gB2 5 0 (Cfct^r. m^M2 5 2©®Jt^ 
50 n 3 «r^m^L < «X^©fflJf^ (~ 1 ) J: O 4>:^ir < 



(8) 
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Ts, -rut}*, 

Kn 3 

H2 1 0 i*^*gffl 1 6 i©rar5feD-63feffi-^S 1 omtfi 

[007 3] 3 6(C. :$:||lte©J^ej(C35>«^4^$g^g|52 
5 OCC*Jti-r, :)feUf!?S^iSl 2<D®Jf*n 1 t^mM2 5 
2CD®jT^n 3 i=iTg|52 0 4CD®ilT*n 4 i?: 
n 1 <n 3 <n 4. SL/< ttn 1 >n 3 >n 4 10 
CDM(^*#S/c-rJ:^(C^^O. A^o. S«ffJ2 5 2tCfe 

2 0 4©||g3ffl2 1 0 i©ra©iEai* z i b/cti^. 
4 n 4 z = A 

(Dm^^m&r s j: ^ (c-r s c i *! nji^-c * -s . fc/c 

[0074] C©<t|f. i^^S 1 6K:A65t>iDJt)MJSW 
=i-f-^>^^)!te-rciJ5:<. i^Jgffil 6 <!:nTg|J2 0 
4©«a2 1 0 i©ra-CttSft]gS*^f!t^>S:RKji3-&SC<b 
*^-C#-5„ 20 

[0 0 7 5] 4i:3l)!ife©JfJSfC*>3!)>S^te*S^:^;S*fflt->n 
«. m«S*W2 5 2^ffll»TtiSCir. TtM^SB 
2 5 0©Bg^*S|S)±f-S, S#J?J2 5 2*5i^ 

[0 0 76] 3 6.{c. )a«f*n 3*5 let 
5IJ2 5 2^fflLiSC<!:fCctO. ifi?*Sffi 1 6 i 3Tg|52 0 
4©^Pi®2 1 0<t©rar©7t®[51^^S{Cj;.5h'-A 

SP©7t*S^^W^[fi]±3-B--2>C<!:*sr#€». 

$-ri ^>^jsw^fr©ii3i7&spjtii&€.. 

[0 077] ^hf^tfc. *JIJfe©JK^{C*jl»-CW. 0 

1 8 isi.z>m 1 9 ic^-r J: ^ ic, ngi5*^2 5 0 ^xmn 

1 0 0 il5l#jg<S:Wr ^^4SP«^^2 5 0a -^^FSP^^^ 

2 5 0 b ^rfflC^r. *liSi©Jf$,^(C*>*:>S31c^^:)?ffi(C 
cfco-C. 3t*S-^g|52 5 0 a^ife^g|52 5 0 b«:}l^SRl/ 

t;t2 5 2 a. ZbZh^%mrr^)il9^<<C-y\,>-C\t, mb 40 

6 cc^j^-r^ji t mmtsi<ox', BSi^-©*sifrfeit^4 

[0 07 8] W±. *^B^®S?ignc||Jg©f$,^tc 

'p^iW-®,«©i5BS(c*ji,^-c. ^mmt^htiu. s«©^m 

y^^JEfi^tcol^r fc:*:|%?8©C?JI5ftf)l5Htc«-r€) *>© t 
7)K3ti-S. 50 
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[0 0 7 9 ] ±ia^iig©ff$,^fcfct>-cw. 

D. Wim=^, '^^Ml-, m 

LED (JSSffilg^feLED) . DFB-LD 

[0 0 8 0 ] 3;/c. *»B^«. 1i^^cWif4-^«i§^^S 
#•5. 

[0 0 8 1 ] S/c. ±fBlltt©JI^Si{C*j«,i-C». ARM 

ji-^ 3 - f - ^ > ^M©@l^-^=i - -f > i^lll©t*m{c 
J: o r 4^M^ 3 - 7- ^ > ^^trJfe S nfcmi&mss^M^ic 

[0 08 2] */c. ±l^«fe©Jf$gg{C*jli-C«. 
i^4i U Vlg!{t©StfSiJ;&fflt^fc^^^^:^^^Wc^ 

*^Bj«. ^^bS-SfcU Vffi{b©S«^J-^fife©«l^ Aj:^ 
[0 08 3] 

[^B^©?**] :*:ffeBjtcj;n«, ^sjswr^^-rss 

«lfiB^^©]ti^B<)19^&* ^. - ;UYt*5 Bjffg i 
[0 08 4] se-K. 7K««gfR^i^© 

SlHll{S©<^$Sii^-^?fe^lPv©^|gB$^tC3fe^j6ilgtca«€r 

s$ 0 ©iSc^j«m3t«aia8S-?>3fe^««rS#t-r-2. c i 

[0 08 5] 3 6ic^ /c. *l6B^icJ;n«. Wif^^r/Tfi 

«^<!:|5l1i©3<tl*©*S7fe*S^:^ft*5nJtlifj:S„ t/c 
*3or. *i^^-;Hbf ^7feMtg^^^©^igxe;&i6. 

-ji.©M^c S^Si 0 ©rfii±scx=j h BiM*sojsii /j: 

[0 1] *^BJ*®ffl^«gi:cAtti;^§P©ll!lBS1«)S;?:*-r 

[02 ] 0 1 fC7r-rAtB:^g|5©ffi!l^fl«)!icl4tI0-c*>So 
[03 ] 01 {c^-rAa;»3g|5©^^^f^©iiiHj0-e* 

[04 ] 0 1 tC7n-rAai;t;SU©ffetS^ i©3feilS^©:^^ 
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[08 ] s 1 t^^srAmt)^<Dm<Dnmimmvih^o 
?:^-r¥ffi0-e*s» 

[010] m9 ic^s-rm&^M^m^<DWtmmmfSiin's lo i o 
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[017] *i%Bjic*>>!)^^7feM^:^S©siBg0r*.5o 
[0 1 8 ] 0 1 7 icfr.rM^^yj^<Di^(Dmmmv$> 

[0 1 9 ] 0 1 4{cn^^56*S^:^?*<DffecDSii|g0-e* 
[02 0] s^*cD^jg8g^^^^©iiiB§fi<j*i^^^-r^ 
[?f-^©iJiB^] 



r$mm-c$>^o 1 2 ^^j&K 

Bs^fiS*^-r¥ffl0-c$)^„ 1 0 0 xm^s^ 

[0 1 2 ] 0 1 1 icm-rmm^m^^<Di^Bsmi&^n^ 1 0 2 *^^isa 

^m0-C*S. 2 5 0 ^$S^g|5 

[013] *l%ia*®fflpJtgAj:ffe®#?j6!S3a:)fe^i=<!)lll 252 m^M 

mmmfS.^mrmmT$>i>, a a «ig:&ifi3 

[0 1 4 ] 0 1 3 ic9fk^mmm^m^(Dmmm-c^ b a 

c a m^H^sia 

[01 5] *^B^€:®fflpI«g^cffe<3!)#jj|^gSSit^^«l 20 S1.S2 T^ff-^ 

mi 6] mi 5iC7ik-rmmmmytm^<Dmmmv$> * z 
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